Several tests have been proposed to predict difficult laryngoscopy or intubation. The thyromental distance (TMD) is often used for these purposes but this measurement, used alone, is unreliable. This study tested the hypothesis that the ratio of the patient's height to TMD (ratio of height to TMD=RHTMD) would improve the accuracy of predicting difficult laryngoscopy compared with TMD alone. Two hundred and seventy patients were evaluated preoperatively using the TMD and RHTMD. The two tests were compared analyzing the area under the receiver operating characteristic curves (AUC). Difficult laryngoscopy occurred in 16 patients (5.9%). The AUC of RHTMD was significantly greater (P<0.007) when compared to TMD, indicating a more accurate prediction by the RHTMD. A ratio of 25 for the RHTMD was found to be the optimal cut-off value to predict difficult laryngoscopy. When the sensitivity of both tests was 0.81, the RHTMD had a significantly greater specificity (0.91) than the TMD (0.73). Based on our results, we recommend that the RHTMD should be used instead of the TMD. FIGURE 1: Receiver operating characteristic curves for thyromental distance (TMD) and ratio of height and thyromental distance (RHTMD) with selected optimum cut-off points.
Unexpected difficult laryngoscopy or intubation may increase morbidity and mortality in anesthetized patients. Several indexes have been proposed to identify patients with potentially difficult airways prior to anaesthesia. One of the tests proposed to predict difficult laryngoscopy is the thyromental distance (TMD), which measures the distance between the chin and thyroid cartilage 1 . Although several studies suggested that the TMD might have a value in identifying patients with difficult airways [1] [2] [3] , its role as a predictive test is still controversial 4 .
One reason for this confusion might be the wide range of TMD cut-off values used to predict difficult laryngoscopy. These "critical distances" range from 5.5 to 7.0 cm 1-3 . It seems self evident that the TMD will vary with patient size. Using the ratio of height to TMD may have a better predictive value than TMD alone, as the figure will be adjusted for patient size. The purpose of this study was to test the hypothesis that TMD related to the patient's height (ratio of height to TMD=RHTMD) results in better prediction of difficult laryngoscopy.
METHODS
The ethics committee of the University of Erlangen-Nürnberg approved this study and all patients gave written informed consent. We studied 270 consecutive ASA I-II adult patients requiring tracheal intubation. Utilizing a rigid ruler, the TMD was measured as the straight distance between the thyroid notch and the lower border of the mental prominence, while the head was fully extended and the mouth closed. The distance was rounded to the nearest 0.5 cm. We also assessed Mallampati score and head and neck mobility. In order to avoid interobserver variability, all the preoperative airway assessments were performed by the same anaesthetist (HS).
After preoxygenation all patients were anaesthetized using standard agents and paralysed using neuromuscular blocking agents to facilitate orotracheal intubation. Laryngoscopy was performed after the loss of the fourth twitch of the train-of-four. The head was placed in the sniffing position on a head ring or pillow and an appropriate Macintosh blade (size 3 or 4) was used. If necessary, external laryngeal pressure was applied to obtain the best laryngeal view. Laryngoscopy was classified according to the method of Wilson and colleagues 5 by an anaesthetist with at least three years of experience. Cases initially assessed as difficult laryngoscopy (grade 3, only arytenoids visible or grade 4, only epiglottis visible) were only classified as difficult for the purposes of the study, if the assessment was confirmed by a consultant anaesthetist (M.K.). Patient data are presented as mean (SD, range). To evaluate and compare the performance of the predictive tests used (TMD, RHTMD), we analysed our data by using receiver operating characteristic (ROC) curves 6 . We assumed that low values for TMD and high values for RHTMD were more likely among patients with difficult intubation. A receiver operating characteristic plot was obtained by calculating the sensitivity (true positive fraction) and specificity (true negative fraction) of every observed data value (cut-off value) and plotting sensitivity against 1 -specificity (false positive fraction). The area under this curve (AUC) ranges from 0.5 (corresponding to chance) to 1.0 (corresponding to perfect prediction). For example, an AUC of 0.8 means that a randomly selected patient from the group with difficult laryngoscopy has an RHTMD test value larger than a randomly selected patient from the group without difficult laryngoscopy on 80% of occasions. A corresponding P value of 0.05 indicates that the AUC is greater than would be observed by chance alone. The AUC of TMD and RHTMD were compared to determine the performance of the different predictive tests used. In addition, the ROC curve was used to identify the optimal cut-off value for each test. For determination of the optimal cut-off value, our priority was to detect the large majority of "true positive" cases at the expense of identifying more "false positive" cases. Consequently, we decided to choose the optimal cut-off value in such a way as to achieve a sensitivity for prediction of difficult laryngoscopy of at least 80% (at the expense of a somewhat lower specificity), if possible. For confirmatory comparison of AUCs derived from TMD and RHTMD, the software ROCkit by Charles Metz was used. All other analyses were carried out using SPSS Version 10 (SPSS Inc., Chicago, U.S.A.).
RESULTS
Laryngoscopy was difficult in 16 (5.9%) of the 270 patients (14 patients presented grade 3 and 2 patients grade 4 according to Wilson et al 5 ). In the two patients (0.7%) with grade 4, intubation required the use of a gum-elastic bougie. Mean age was 48.6 (SD 14.9, range 18-91) years, height 171 (9, 148-202) cm, and weight 75.7 (17.1, 42-140) kg. The male:female ratio was 142:128. The mean TMD was 7.9 (1.2, 4.5-12) cm and RHTMD 22.1 (3.0; 16.7-39.1). The AUC for the RHTMD was 0.861 (95% Confidence interval: 0.735 to 0.987) and 0.812 (95% CI: 0.677 to 0.946) for the TMD. The AUC of the RHTMD was significantly (P=0.007) greater than the AUC of TMD. For predicting a difficult laryngoscopy the optimum cut-off values selected were 25.0 (sensitivity 0.81; specificity 0.90) for RHTMD and 7.0 cm (0.81; 0.73) for TMD. The results are summarized in Figure 1 .
DISCUSSION
We found that the RHTMD had a better accuracy in predicting a difficult laryngoscopy than the TMD. A cut-off value of ≥25 for this ratio can be used to predict difficult laryngoscopy with a reasonable degree of sensitivity (0.81) and specificity (0.90) for men and women. Using TMD with a cut-off value of ≤7 cm, the sensitivity was 0.81 and the specificity 0.73. This would result in a relatively high rate of false positive predictions.
The RHTMD was introduced to allow for the individual's proportions, which are not allowed for in the use of the TMD. Identical TMD measurements in a woman with a height of 160 cm and a 190 cm man would be expected to be associated with quite different jaw proportions in relation to the surrounding structures. The length of the neck and mandible as well as the volume of the tongue and soft tissue may vary with the size and proportion of the body 7 .
We used the analysis of ROC curves to assess and compare the overall performance of the predictive tests. This methodology is widely used to evaluate the performance of diagnostic tests 6 . The results clearly demonstrated that the RHTMD has a higher predictive value compared to the TMD. This result is not unexpected, since the RHTMD takes individual proportions into account. In contrast to previous publications, the ROC analysis showed that the TMD alone has a reasonable sensitivity and specificity in predicting difficult laryngoscopy 1 . However, due to different statistical methods and cut-off values used in other papers, comparison remains difficult. Choosing different cut-off points as critical distances resulted in different sensitivity and specificity in a way, that the overall performance of the TMD can not be estimated. This problem can be solved by analyzing the area under the ROC curve.
There are several potential limitations to our study. In order to maximize the chance of detecting a difference in the sample we studied, we used the expanded scoring system of Wilson and colleagues 5 . A difference in intubation difficulty scores is clearly a form of surrogate end-point rather than the clinically more important failure to see the epiglottis, or failure to intubate. Neither of these clinically more important events was encountered in the sample studied and a study involving a far larger sample size would be required to examine prediction of these events by a scoring system. Since the RHTMD was tested only in Caucasians, it can not be assumed that our results will apply in other ethnic groups.
This study has demonstrated that with the same sensitivity (0.81) the RHTMD has a significantly greater specificity (0.91) than the TMD (0.73). We would emphasize that other aspects which may contribute to difficult intubation (such as mouth opening, and dentition) are not assessed by the RHTMD. The integration of the RHTMD with other indicators of difficult intubation and the prediction of failed intubation or failure to visualise the glottis are areas which require further study.
